Background. Inadequate antimicrobial treatment is an independent determinant of hospital mortality, and fungal bloodstream infections are among the types of infection with the highest rates of inappropriate initial treatment. Because of significant potential for reducing high mortality rates, we sought to assess the impact of delayed treatment across multiple study sites. The goals our analyses were to establish the frequency and duration of delayed antifungal treatment and to evaluate the relationship between treatment delay and mortality.
Background. Inadequate antimicrobial treatment is an independent determinant of hospital mortality, and fungal bloodstream infections are among the types of infection with the highest rates of inappropriate initial treatment. Because of significant potential for reducing high mortality rates, we sought to assess the impact of delayed treatment across multiple study sites. The goals our analyses were to establish the frequency and duration of delayed antifungal treatment and to evaluate the relationship between treatment delay and mortality.
Methods. We conducted a retrospective cohort study of patients with candidemia from 4 medical centers who were prescribed fluconazole. Time to initiation of fluconazole therapy was calculated by subtracting the date on which fluconazole therapy was initiated from the culture date of the first blood sample positive for yeast.
Results. ( for trend). Multivariate logistic regression was P p .0009 used to calculate independent predictors of mortality, which include increased time until fluconazole initiation (odds ratio, 1.42;
) and Acute Physiology and Chronic Health Evaluation II score (1-point increments; odds P ! .05 ratio, 1.13;
). P ! .05 Conclusion. A delay in the initiation of fluconazole therapy in hospitalized patients with candidemia significantly impacted mortality. New methods to avoid delays in appropriate antifungal therapy, such as rapid diagnostic tests or identification of unique risk factors, are needed.
Candida species are the fourth most common cause of nosocomial bloodstream infections (BSIs) worldwide [1] . Although a trend toward greater incidence of fungal BSI was noted during the 1990s, this appears to have stabilized, with an annual incidence in the United States of 8 cases per 100,000 population [2] [3] [4] . Although adequate antifungal treatment has demonstrated pro-tection against mortality and increased duration of hospitalization, recent studies indicate candidemiaattributable mortality remains 19%-49% [2, 5] .
Inadequate antimicrobial treatment is an independent determinant of hospital mortality, and fungal BSIs are among the types of infection with the highest rates of inappropriate initial treatment [6] . Either a lack of or inadequate empirical antifungal treatment is associated with higher overall and attributable mortality rates, as well as a greater duration of hospitalization, compared with timely treatment with an appropriate antifungal [6] [7] [8] . One study reports that inadequate treatment actually results in less hospital resource consumption, perhaps because of a higher death rate and death occurring at an earlier age [2] . Although the most common cause of inadequate treatment for fungal BSI is a lack of empirical therapy [6, 9] , the specific impact of delayed treatment for patients with candidemia has not been well established. Delaying antifungal therapy appears to be a common practice, and the impact on mortality may be significant [8, 10] . A recent study addressing the effects of delayed treatment found any deferment 112 h to be an independent predictor of hospital mortality [10] . This study used data from 1 medical center, and results may not be generalizable to other settings.
Because there is a significant potential for reducing high mortality rates attributable to candidemia, we sought to assess the impact of delayed treatment across multiple study sites. We performed a retrospective cohort study in 4 geographically distinct university-affiliated health care centers. The goals of our analyses were to establish the frequency and duration of delayed treatment across study sites and to estimate the impact of treatment delay on mortality and length of stay. All hospitalized patients with a blood culture positive for Candida species were eligible for investigation and were included in the study. This study was approved by the institutional review boards at the University of Houston and at each participating institution.
PATIENTS, MATERIALS, AND METHODS

Study
Study design, patient population, and data collection. A retrospective cohort study design was used with a main independent outcome variable of hospital mortality. Secondary outcome variables included length of stay in the ICU and total duration of hospitalization.
All patients hospitalized for at least 48 h with their first documented episode of BSI due to Candida albicans or a nonalbicans species of Candida who were prescribed fluconazole were eligible for study entry. Exclusion criteria included patients with previous Candida BSIs or patients !18 years old. Hospital guidelines at each institution recommended initial treatment of suspected BSIs with an antistaphylococcal agent along with another agent with activity against gram-negative organisms. Infectious disease specialists were available for consultation at all sites. At each institution, the decision to add empirical fluconazole therapy for patients with suspected nosocomial BSIs was at the discretion of the prescribing physician, but it was recommended for patients at high risk for fungal infections (e.g., patients receiving total parenteral nutrition, with bowel perforation, or with persistent or new signs and symptoms of infections despite receiving antibacterial therapy). Data collected on standardized case report forms included fluconazole therapy start and stop dates, dose, and route; Candida species type and date of culture; demographic characteristics, including age, sex, race, and past medical and surgical history; APACHE II scores (ICU patients only); use of corticosteroids; presence of a central venous catheter; total parenteral nutrition administration; requirement for hemodialysis or mechanical ventilation; type of hospital admission (medical or surgical); and location of the patient at the time of culture (ICU or non-ICU). Laboratory information included data to calculate APACHE II scores, serum creatinine values, WBC count, and maximum temperature within the 24 h prior to collection of a blood sample for culture. Outcome variables that were collected included hospital discharge status (survivor or nonsurvivor) and admission and discharge dates from the hospital and ICU.
Definitions. All definitions were selected prospectively during the initial study design. Time to fluconazole therapy was defined as the number of days from the culture of the first blood sample positive for yeast to the administration of fluconazole. Empirical fluconazole therapy was defined as any fluconazole therapy started within 24 h of the time the blood sample was obtained for culture but before the identification of the organism. The onset of symptoms time was defined as the date on which the blood sample was obtained for culture. Inappropriate therapy of candidemia was defined as the initiation of fluconazole therapy with eventual isolation of Candida krusei, inadequate fluconazole dosing, or isolation of an organism that was found to be resistant to fluconazole on the basis of in vitro susceptibility tests (if available). Inadequate dosing was defined as !400 mg of fluconazole per day, excluding loading doses, and as appropriate for renal functioning [11, 12] .
Blood culture technique. Blood culture technique was similar at all 4 institutions. Blood cultures were ordered at the discretion of the primary physician because of signs and symptoms of possible BSI. Trained nurses or phlebotomists obtained all blood samples after sterile disinfection of a peripheral vein or central venous catheter. All blood samples were inoculated into aerobic media and processed in the clinical microbiology laboratory of each institution using automated culture techniques (Vitek Yeast Identification; bioMérieux Vitek).
Statistical analysis. The primary objective was to compare differences in mortality on the basis of time to initiation of fluconazole therapy. Subanalyses consisted of the influence of initial fluconazole dose and type of Candida species on the relationship between mortality and time to initiation of flu- [13, 14] . The collected data was first inputted into a relational database (Microsoft Access 2000; Microsoft) and then analyzed using SAS software, version 9.1 (SAS Institute). Values are expressed as mean ‫ע‬ SD for continuous variables and as a percentage of the group from which they were derived for categorical variables. Univariate statistical analysis, followed by multivariate regression, was performed for each analysis. Univariate statistical analysis included the Student's t test for normally distributed continuous data and the Mann-Whitney U test for non-normally distributed continuous data. Either x 2 or Fisher's exact tests were used for categorical data.
Mortality differences were assessed using logistic regression, with the primary dependent variable being time to initiation of fluconazole therapy. Other variables associated with mortality ( ) in the univariate analyses were included in the P ! .2 regression models for the multivariate analysis. A backward elimination strategy was employed with variables, with P ! .1 kept in the model. Log-transformed length of ICU stay (days) and hospitalization duration (days) were assessed using linear regression. Backward selection processes were used. Variables were checked for confounding, collinearity, and interaction. Confounders and interaction terms were included in the multivariate models if inclusion of the covariate changed the coefficient of any statistically significant variable in the logistic regression model by у10%. All tests were 2-tailed. A P value of !.05 was considered statistically significant.
RESULTS
Patient demographic characteristics.
The cohort consisted of 230 patients with Candida BSIs who were prescribed fluconazole. The mean age ‫ע‬ SD was years, and 51% of the 56 ‫ע‬ 17 patients were male. The most common patient ethnicities were white (52%), African-American (22%), or Hispanic (20%). The most common comorbidities included diabetes (30%), solidorgan cancer (24%), or end-stage renal disease (10%). Variables present on the day blood culture was performed included presence of a central venous catheter (84%), parenteral nutrition administration (29%), mechanical ventilation (23%), and corticosteroid use (15%). Patients were most commonly admitted with a nonsurgical diagnosis (70%), and 41% were in the ICU at the time of Candida blood culture.
Candida isolates and antimicrobial treatment characteristics. Eighty-three percent of cases occurred during the first 3 weeks of hospitalization (figure 1). Thirty-three percent of cases were isolated during the first 2 days of hospitalization after transfer from another hospital. Isolated organisms included C. albicans (56%), Candida glabrata (17%), Candida parapsilosis (11%), Candida tropicalis (7%), C. krusei (3%), and other Candida species (3%) (table 1). Eight patients (3%) had 2 fungal species isolated from their blood cultures. All mixed cultures contained C. albicans with the addition of C. glabrata (2 cultures), C. parapsilosis (5 cultures), and C. tropicalis (1 culture). Mortality ranged from 0%-63% based on type of organism ( by x 2 analysis). P p .0232 Thirty-eight patients (16.5%) were prescribed fluconazole for 124 h before the onset of candidemia and were considered to have breakthrough or persistent infections and analyzed separately. Time to initiation of fluconazole therapy for the remaining 192 patients was day 0 (39.6%), day 1 (16.5%), day 2 (14.4%), or day у3 (12.6%). Fluconazole was considered to be inappropriate for 14 patients either because of isolation of C. krusei (6 patients) or isolation of C. glabrata with a maintenance fluconazole dose of !400 mg adjusted for renal function (8 patients). A total of 172 patients (75%) received a fluconazole dose у400 mg.
Relationship between hospital mortality and days to initiation of fluconazole. Seventeen (45%) of 38 patients with break- Figure 2 . Relationship between hospital mortality and the number of days to initiation of fluconazole therapy. We calculated the days to the start of fluconazole therapy by subtracting the start date of fluconazole therapy from the culture date of the first blood sample positive for yeast ( for trend, using the Mantel-Haenszel x 2 test). P p .0009 through or persistent candidemia died. The relationship between the timing of fluconazole administration and hospital mortality for patients receiving fluconazole at the onset of symptoms or later is displayed in figure 2 . Mortality was lowest if fluconazole therapy was started on the same day that the culture was performed (day 0) (15.4%) and increased to 23.7% if fluconazole therapy was started on day 1, 36.4% if it was started on day 2, and 41.4% if it was started day у3 ( , by test for trend). P p .0009 In univariate analysis, other variables associated with increased mortality included APACHE II score ( ), being hospitalized P ! .01 in the ICU ( ) on the date of onset of symptoms, cor-P ! .001 ticosteroid treatment ( ), or mechanical ventilation (P P p .036 ! .001) (table 2). There was also a significant difference in mortality between different study sites, but in multivariate analyses, study site was not associated with an increased risk of mortality. Other variables associated with increased mortality ( but P ! .2 ) included in the multivariate model included requirement P 1 .05 for central venous catheter, older age, total parenteral nutrition administration, and WBC count. HIV status was not included in the multivariate model because of the low number of patients (5) with this condition.
A similar analysis was conducted that excluded the 16 patients for whom fluconazole therapy was considered inappropriate to eliminate the potential influence of fluconazole resistance. After exclusion of these resistant organisms, the mortality rate was lowest for patients who began fluconazole therapy at the onset of symptoms of candidemia (14.1%) and increased each day to 23.5% if fluconazole therapy was started on day 1, 36.4% if it was started on day 2, and 42.3% if it was started day у3 ( , by test for trend). P ! .0006 Multivariate analysis. All variables with a P value !.2 in the univariate analysis were included in the multivariate model, along with type of Candida species. Time from onset of symptoms to start of fluconazole therapy (days) and APACHE II score (1-point increments) were identified as independent risk factors for hospital mortality. No other variable entered in the model was significant at the level (table 3) .
To assess the effect of fluconazole dose on mortality, the initial starting dose of fluconazole (excluding the loading dose) was entered into a multivariate logistic regression equation. The main dependent variable was hospital mortality and the independent variables included fluconazole dose, time to initiation of fluconazole therapy, and APACHE II score. The starting dose of fluconazole was not an independent predictor of mortality after controlling for these variables ( ). Similar re-P 1 .05 sults were obtained if the data were limited to patients in whom fluconazole therapy was deemed appropriate.
Secondary outcomes. To assess the relationship between time to initiation of fluconazole therapy and length of hospitalization or ICU stay, time to initiation of fluconazole was dichotomized into starting within 1 day of or 11 day after a blood sample was obtained for culture (table 4). Overall duration of hospitalization did not differ significantly regardless of time to initiation of fluconazole therapy or among hospital survivors or nonsurvivors. However, patients who began fluconazole within 1 day of the onset of symptoms had a significantly decreased time in the ICU ( ). Not surprisingly, hospital survivors also spent fewer P p .03 days in the ICU ( ). P p .0002 In a separate analysis that included only hospital survivors, the mean hospital length of stay ‫ע‬ SD did not differ in patients given therapy within 1 day ( days), compared with 27 ‫ע‬ 17 patients given fluconazole 11 day after the blood sample was obtained for culture ( days) ( ). ICU stay was 28 ‫ע‬ 22 P p .91 shorter for patients given fluconazole within 1 day ( days), 5 ‫ע‬ 9 compared with patients given fluconazole 11 day after the blood sample was obtained for culture ( days); however, these 9 ‫ע‬ 18 results did not reach statistical significance ( ). P p .614
DISCUSSION
Up to 70% of patients with candidemia do not receive empirical antifungal therapy within 24 h of the time the blood sample is obtained for culture. Morrell et al. [10] demonstrated, in a single-institution study, that a delay in antifungal prescribing of у12 h from the time of blood sample collection increased mortality by 2.09-fold. This study confirms and expands on the finding of Morrell and colleagues by showing similar results in a multi-institutional study using a homogenous population that was prescribed fluconazole for the treatment of candidemia. Results of our study demonstrate that mortality increases with each subsequent day that empirical fluconazole therapy is delayed and that earlier initiation of fluconazole therapy is also associated with a decreased length of time in the ICU.
Candidemia is associated with one of the highest rates of mortality of any BSI [9] . Crude mortality rates of 67% were reported for BSI due to Candida species, compared with BSI due to Enterobacter species (53%), Pseudomonas aeruginosa h. After controlling for APACHE II score and prior antibiotic treatment, receipt of an antifungal agent 112 h after the blood sample was obtained for culture was associated with an increased risk of mortality of 2.09-fold ( ). Mortality was P p .018 ∼30% for all time points after this, although a small increase in mortality was noted with longer delays. Similar results were seen in our study, such that mortality was 15.4% if therapy was started on the same day as the blood sample was obtained, and it increased to 23.7% for day 1, 36.4% for day 2, and 41.4% for therapy begun on day у3. We included only patients given fluconazole in our study to assure a patient population that was as homogenous as possible in terms of antifungal therapy, and this homogeneity may have produced a stronger temporal relationship than that observed in the previous study [10] .
Avoiding delays in treatment of patients with candidemia is difficult. Although Candida species are the fourth most commonly isolated organism in patients with BSI, they account for only 8% of all BSIs [15] . By contrast, gram-positive bacteria, such as coagulase-negative staphylococci, S. aureus, and Enterococcus species, account for 60% of all BSIs [16] . Also, the majority of risk factors identified for candidemia are also common for multidrug-resistant bacteria and are not helpful in distinguishing patients with bacteremia from those with candidemia [17] . Thus, avoiding delays in treatment of candidemia by increasing empirical antifungal prescribing would likely involve massive empirical overprescribing of antifungal agents for patients without candidemia, along with the increased toxicities and costs associated with such overprescribing. Optimal methods for avoiding delays in antifungal therapy would be morerapid diagnosis of Candida infection or identification of unique risk factors for BSIs due to Candida species. A recently published study distinguished risk factors for BSIs due to Candida species, compared with methicillin-resistant S. aureus, vancomycin-resistant enterococci, or antibiotic-resistant gram-negative organisms [18] . This study identified the presence of a central venous catheter, bowel endoscopy, and underlying malignancy as significant predictors of candidemia, compared with infection with resistant bacterial species. Development of nonculture methods for the rapid diagnosis of candidemia in patients with BSI may also significantly improve the ability to quickly prescribe appropriate antifungal therapy [19, 20] . In this current study, mortality rates continued to increase after identification of the organism if therapy was not started. Taken together, these data would suggest that clinicians should consider the use of empirical antifungal therapy in patients at high risk for candidemia and should initiate antifungal therapy without delay in patients in whom BSI due to Candida species has been identified. Our study has many important limitations. We were unable to assess the reason for the delay in empirical antifungal therapy. However, it is more likely that bias would have worked against the observed association, because one would assume that there would be more urgency to treat patients for whom the suspicion of candidemia was strongest. Second, antifungal susceptibility testing was rarely ordered for these patients; thus, susceptibility of fluconazole was based on the general susceptibility pattern of each Candida species. However, the results of our study did not differ when we excluded Candida species with known resistance to fluconazole. Third, although we chose to limit our analysis to patients given fluconazole to assure a homogenous treatment population, extrapolation of these results to other antifungal agents will need to be performed.
In conclusion, we demonstrated that a delay in fluconazole prescribing in hospitalized patients with candidemia significantly impacts mortality and length of ICU stay. New methods to avoid delays in appropriate antifungal therapy, such as rapid diagnostic tests or identification of unique risk factors, are needed.
